IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



UTILITY PATENT APPLICATION FOR: 

OPTIMIZING LIFETIME OF A DISPLAY 
Inventors: 

Parthasarathy Ranganathan 
3375 Alma Street, #263 
Palo Alto, CA 94306 

William Hamburgen 
4039 Manzana Lane 
Palo Alto, CA 94306 

Robert N. Mayo 
407 W. Dana Street 
Mountain View, CA 94041 

Ken Nicholas 
16618 St. Johns Wood Drive 
Tomball, TX 77377 



HP Docket No. 200400352-1 



PATENT 



OPTIMIZING LIFETIME OF A DISPLAY 

TECHNICAL FIELD 

This invention relates generally to displays for computer systems. More 

particularly, the invention relates to controlling display lifetime. 
BACKGROUND 

Displays are key components of substantially every type of computer system. The 
design of a display plays a significant role in several properties of a computer system, such 
as size, cost, battery life, power consumption, and overall ease of use. During a computer 
system design process, typically a display is selected for the computer system to optimize 
for one or more properties, such as cost, quality of the display which may be measured by 
resolution, brightness, color and other visual properties, and power consumption. 

Recently, new types of displays, such as organic light-emitting diode (OLED) 
displays, have emerged and offer improved quality of the display as well as potentially 
lower power consumption. However, some of the new types of displays have a reduced 
lifetime. In particular, many of these displays suffer from discrepancies in the lifetime of 
different color components, such as the red, green and blue (RGB) components. 
Consequently, over the lifetime of the computer system, the ability of the computer system 
to accurately display certain colors deteriorates, and as a result the lifetime of the 
computer system may be longer than the lifetime of the display. 

SUMMARY OF THE EMBODIMENTS 

According to an embodiment, a plurality of display control options is identified. 
At least one of the display control options is selected to control the display. 

HP Docket No, 200400352-1 



According to another embodiment, a lifetime metric for at least a portion of a display 
is determined using a lifetime model, and at least one display control option for controlling 
the display is identified using a usage model. 



5 BRIEF DESCRIPTION OF THE DRAWINGS 

Various features of the embodiments can be more fully appreciated, as the same 
become better understood with reference to the following detailed description of the 
embodiments when considered in connection with the accompanying figures, in which: 
Figure 1 illustrates a block diagram of a lifetime-aware control system, according 
10 to an embodiment; 

Figures 2A-B illustrate block diagrams of embodiments of a lifetime model; 
Figure 3 illustrates a block diagram of a usage model, according to an 
embodiment; 

Figures 4A-B illustrate an example of implementing a display control option; 
15 Figure 5 illustrates a flow chart of a method for providing lifetime-aware control 

of a display, according to an embodiment; and 

Figure 6 illustrates a block diagram of a computer system that utilizes the lifetime- 
aware control system, according to an embodiment. 

20 DETAILED DESCRIPTION OF THE EMBODIMENTS 

For simplicity and illustrative purposes, the principles of the embodiments are 

described. Moreover, in the following detailed description, references are made to the 

accompanying figures, which illustrate specific embodiments. Electrical, mechanical, 
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logical and structural changes may be made to the embodiments without departing from 
the spirit and scope of the embodiments. 

According to an embodiment, a lifetime-aware control system is used to control 
the lifetime of a display used with a computer system. For example, a lifetime model and 
5 a usage model are generated for a display. The lifetime model includes an approximation 
of the expected lifetime of a display or a portion of a display and is used to predict the 
remaining life of a display or a portion of the display, such as the remaining life of a sub- 
pixel, a pixel, or group of pixels in the display. A pixel may be composed of three sub- 
pixels, one red, one green, and one blue (RGB). Taken together this sub-pixel triplet 
10 comprises a single pixel. 

The usage model is an approximation of the estimated use of the display. Using 
the lifetime model, a determination is made as to whether to control the display to 
optimize lifetime. Using the usage model and possibly the lifetime model, a set of display 
control options associated with different alternatives for controlling the display are 

15 determined if the lifetime of the display is to be optimized. A display control option may 
include one or more parameters, such as color, intensity, brightness, location on a display, 
etc., of an image displayed by a portion of the display. One or more of the parameters 
may be varied to each of the display control options in the set of display control options. 
Examples of the display control options may include controlling the color for pixels or 

20 sub-pixels, controlling the intensity (i.e., brightness) of pixels or sub-pixels, dimming, 
dithering, moving an image to a different location on the screen, etc. One or more of the 
display control options are selected and implemented to optimize the display lifetime. For 
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example, if a portion of a display is determined to have excessive wear, such as 
determined using the lifetime model, then a display control option may be implemented to 
increase the remaining life of that portion of the display. As a result, a display control 
option may be implemented to equalize the wear of pixels or sub-pixels, which may result 
5 in an overall increase in the lifetime of the display. 

Figure 1 illustrates an embodiment of a lifetime-aware control system 100 
implemented in a computer system 10. The computer system 10 may include almost any 
type of device, such as personal computers, laptops, personal digital assistants, telephones, 
cellular phones, cameras, printers, televisions, etc. The computer system 10 includes a 

10 display 20. The display 20 may be integrated with the computer system 10 or provided as 
a separate unit. The display 20 is broadly defined to include any combination of software 
and hardware associated with the visual representation of data. For example, the display 
20 may include a display panel, display controller, and drivers. Various types of display 
technologies may be used, such as cathode ray tube, liquid crystal display, digital light 

15 projection, plasma, organic light emitting diodes (OLEDs), etc. In one example, the 

display hardware supports control of portions of the display. For example, the hardware 
may include OLEDs, tiled displays, or multiple displays in the computer system 10. 
OLEDs allow pixels or sub-pixels to be individually controlled, while tiled displays allow 
control over groups of pixels. The lifetime-aware control system 100 may'control 

20 portions of the display 20 to maximize lifetime of the pixels. With OLEDs, this may 
include individual control of sub-pixels, pixels or a group of pixels, such as controlling 
power consumption, intensity, color, refresh rate, etc. of a portion of the display 20. If 
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multiple displays are provided in the display 20, then the lifetime of one of the displays 
may be optimized by shifting a screen or a portion of a screen to another display. A 
screen is the visual representation provided by the display, such as the visible image. 

The lifetime-aware control system 100 includes a lifetime model 1 10, a usage 
5 model 1 14, a usage meter 116, user acceptance settings 1 1 8 and a control engine 120. The 
lifetime-aware control system 100 may be implemented in hardware, software or a 
combination thereof as would readily be implemented by one of ordinary skill in the art. 
For example, the control engine 120 and/or other components of the lifetime-aware 
control system 100 may be implemented in software at the operating system level or 
10 windowing environment level that controls the display 20. Alternate embodiments 
implement the lifetime-aware control system 100 in hardware or at the firmware or 
application layers. 

The lifetime model 1 10 can be used to determine a lifetime metric for the display 
20. The lifetime metric may include any measured, calculated or estimated value 
15 associated with the lifetime of the display 20. The lifetime metric may include an estimate 
of past use and a prediction of fiiture use of the display 20. The lifetime metric may also 
be associated with the past use and predicted remaining life for groups of pixels, one pixel 
or sub-pixels (e.g., each red, green, and blue component of each pixel). 

Past use of the display 20 may be determined by measurement. The usage meter 
20 116 may be used to monitor use of the display 20. For example, the usage meter 1 16 may 
include sensors for measuring the intensity of each sub-pixel. Figure 2A illustrates an 
embodiment of the lifetime model 1 10 including measured usage data 202. The measured 
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usage data 202 may include a measured parameter associated with the display 20, such as 
intensity of each sub-pixel, length of use, etc. In one example, current or light output is 
measured to determine past use of each sub-pixel. Also, an approximation may be used to 
estimate past use of a group of pixels based on measured parameters for a subset of pixels 
5 or sub-pixels. 

The measured usage data 202 is input into a mathematical model 204 to determine 
the past use and estimate the remaining life of pixels or sub-pixels. Thus, the 
mathematical model 204 can be used to determine a lifetime metric 206, such as an 
estimate of past use and a prediction of remaining life for pixels in the display 20. The 

10 mathematical model 204 may be determined using parameters experimentally derived 

from testing the lifetime of similar displays. Also, display degradation curves provided by 
manufacturers may be used to estimate remaining life of a pixel or an entire display. For 
example, the mathematical model 204 may include degradation curves for sub-pixels. 
Based on the measured or estimated past use (e.g., number of hours of use), the remaining 

15 life of a sub-pixel is determined using the degradation curve. 

Instead of an actual measurement, a predictive model 210, shown in figure 2B, 
may be used to determine past use and estimate remaining life of the display 20. Figure 
23 illustrates another embodiment of the lifetime model 1 10 using the predictive model 
210 to estimate past use of the pixels in the display 20. The predictive model 210 includes 
20 lifetime costs 2 1 2 associated with the screen usage of applications that typically run on the 
computer system 10. The lifetime costs 212 may include screen usage patterns for 
applications. For example, the predictive model 210 determines that applications that use 
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images with mostly red colors result in lower lifetime for the display 20 than applications 
that use images with mostly green colors. 

The predictive model 210 also includes properties 214 of screen usage. For 
example, for windows-based environments the properties 214 include information on the 
5 average screen area used by a window of focus, the average screen area used by non- 
minimized windows, and the minimum brightness to which the background can be 
dimmed and still be acceptable by the user. User acceptance may be experimentally 
determined using focus groups. Other examples of the properties 214 include areas of the 
screen that do not make fiill use of screen functionality for extended periods of time, such 
10 as limited use of particular colors, low refresh rates, etc. The lifetime costs 212 and the 
properties 214 may be derived from screen usage patterns determined by the usage model 
114. 

The output of the predictive model 210 includes the estimated usage data 220 for 
the display 20. The estimated usage data may include estimated past use of the display 20 
15 or portions of the display 20 based on the lifetime costs 210 of the applications run on the 
computer system 10 and based on the predicted use of the display 20 determined by the 
properties 214. Using the mathematical model 204, the lifetime metric 206 is determined, 
which may include past use and estimated remaining life for portions of the display 20. 

In one embodiment, estimates of past use, measured values associated with past 
20 use, and estimates of remaining life for pixels may be stored in hardware or software 
registers for each pixel of the display. Periodically, or as required by the lifetime model 
110, these values may be updated. In another embodiment, an approximation of pixel use 
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is determined for regions of the display 20 larger than a single pixel, such as a group of 
pixels. Thus, fewer computations for determining past use and remaining life of pixels are 
needed, and less memory is needed to store lifetime metrics. 

Another component of the lifetime-aware control system 100 shown in figure 1 
5 includes the usage model 1 14. The usage model 1 14 may include an estimation of the 
usage of the display 20 and can be used to determine a usage metric for the display 20. 
The usage metric may include any measured, calculated or estimated value associated with 
the use of the display 20, such as the amount of use of the display 20, estimated future use 
of the display 20, display control options associated with different alternatives for 
10 controlling the display 20 to maximize lifetime, user acceptance of the display control 
options, etc. 

A block diagram of the usage model 114 is shown in figure 3. The usage model 
1 14 may include the results of profiling the use of the display 20 or one or more similar 
displays. For example, as shown in figure 3, the usage model 1 14 captures the typical 

15 usage behavior 302 of the display 20 or one or more similar displays. Profiling usage of 
the display, which may include capturing usage behavior and determining usage patterns 
and display control options, can be performed online or offline. A historical sinalysis of 
the display usage may include an analysis of the display 20 captured offline, such as 
during a study of the use of the display 20 or similar displays, and/or online, such as 

20 capturing the use of the display 20 by a particular user of the computer system 1 0. Online 
and offline analysis may include an analysis of usage patterns of a display over a period of 
time for a plurality of users. 
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The historical analysis of the use of the display 20 or one or more similar displays 
can be performed to capture the usage behavior 302 and to determine the usage patterns 
306 and the display control options 310. U.S. Patent Application Serial Number 
10/033,738, entitled "Software-Directed Energy-Aware Control Of Display" by 
5 Ranganathan et al., which is incorporated by reference in its entirety, discloses conducting 
a historical analysis of the usage of a display to determine an area of focus. The historical 
analysis can examine the use of the display 20 or similar display by a particular user, by a 
class of users, and/or by general use not categorized by class. The captured usage 
behavior 302 may include monitoring the screen usage of typical applications that are run 
10 on a computing system using the display. 

The usage behavior is analyzed, as represented by the block 304 in figure 3, to 
identify usage patterns. Analyzing usage behavior may be performed by an administrator 
to identify the usage patterns 306. Also, known algorithms and statistical analysis 
techniques may be used to analyze the usage behavior 302. Examples of the usage 

15 patterns 306 for windows-based environments include the average screen area used by the 
window of focus, the average screen area used by other windows, and the minimum level 
of brightness to which the background can be dimmed or otherwise modified without 
compromising the user experience, such as measured by a target focus group of test 
subjects. Additional examples may include identifying a histogram of colors used by a 

20 typical user and identifying areas of the screen that do not require full use of the display 
functionality, e.g., color, higher refresh rate, etc., for long periods of time. 
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The usage patterns 306 are analyzed, as represented by block 308 shown in figure 
3, and the content and intent of the use of the display 20 are determined based on the 
usage patterns 306. For example, the area of focus for the display 20 is determined for a 
screen including a word processor. When the word processor is running, anything outside 
5 of the window of focus may be optimized, such as dimmed, color changed, etc., to 

optimize for lifetime. Thus, based on an analysis 308 of the usage patterns 306, display 
control options 3 10 are determined. The analysis 308 may be performed by an 
administrator to identify the content and intent of the users and the display control options 
310. Also, known algorithms and statistical analysis techniques may be used to analyze 
10 the usage patterns 306. 

The display control options 3 10 are different options for controlling the display 20 
to optimize the lifetime of the display 20. One or more of the display control options 10 
are implemented by the control engine 120 to increase lifetime of the display 20. 
Examples of the display control options may include controlling the color for pixels, 
15 controlling the intensity of pixels, dimming, dithering, moving an image on a screen, etc. 

In one embodiment, portions of the display 20 may be controlled by varying 
parameters of the image being displayed (such as brightness, color, gray-scale, etc.). For 
example, the analysis 308 of the usage patterns 306 shown in figure 3 may conclude that 
the fiill functionality of the display 20 in terms of resolution, color, screen area, etc., is not 
20 used throughout the entire display 20. Thus, the image displayed on the screen can be 
modified to even out the wear and improve the lifetime of the display 20 without 
significantly impacting the user's experience. For example, windows on a screen may be 
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moved to different areas of the display 20 to equalize pixel wear and the remaining life of 
pixels. The position of small windows or icons, such as time, etc., may be moved by 
small amounts every time a user logs into the computer system 10. Also, an email 
notification message can be displayed at different portions of the screen at different times. 
5 Alternatively, during the image stabilization phase of a camcorder, the image can be 
moved imperceptibly to optimize for the lifetime of the pixels. 

Other display control options 310 may include varying colors, such as by changing 
the color of a notification periodically. For example, with an OLED display that has 
greater lifetime for green sub-pixels than for red sub-pixels, using green sub-pixels more 

10 often than red sub-pixels improves the lifetime of the overall display. Also, a dithering 
algorithm may be used that provides benefits without perceptible changes to the image. 
For example, when presenting a photograph or other image at a resolution lower than that 
of the display, the actual color of part of a photograph is displayed by mapping it into a 
pattern of red, green, and blue sub-pixels of varying intensity. As the perceived color is a 

15 function of the overall blended color of the pattern, there is often a choice as to which 
pixel colors are used to represent the perceived color. This choice can be used to even 
wear of the sub-pixels. Other display control options 310 may include dimming portions 
of the screen. A display control option may take into consideration various factors, such 
as screen usage for a given workload, user preferences, affect on lifetime, and the display 

20 technology. 

Another component of the lifetime aware control system 100 shown in figure 1 is 
the usage meter 1 16. The usage meter 1 16 captures the usage of the display 20 by 
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individual users during periods of time and may also predict how usage patterns are likely 
to change. For example, the usage meter 1 16 stores the length of time and a window 
shown on the display 20 is being used. The size of the window may also be stored, which 
can be used to determine a user's area of focus on the display 20. The output of the usage 
5 meter 1 16 may be provided to the usage model 1 14 and the control engine 120. Referring 
to figure 3, the usage behavior 302 may include display usage captured by the usage meter 
116. The lifetime model 1 10 may also utilize information from the usage meter 1 16, such 
as for the measured usage data 202 or the properties of screen usage 214 shown in figures 
2A-B. 

10 The lifetime-aware control system 100 may also include user acceptance settings 

1 18. These are settings, which are typically determined by a user, for the display 20 that 
are acceptable to the user. For example, the control engine 120 may determine that it is 
beneficial for lifetime to move a window displaying the time to an upper left comer of the 
screen. However, if the user acceptance settings indicate that the time window must be 

15 placed in the lower right comer of the screen, the control engine 120 does not move the 
time window. Instead, the control engine 120 may select another display control option to 
implement. The user acceptance settings 1 1 8 may also include an option for the user to 
tum off the lifetime-aware control. 

The control engine 120 determines whether to implement lifetime-aware control of 
20 the display 20 using at least the lifetime model 1 10 and, if needed, selects one or more 
display control options to implement using at least the usage model 1 14. The control 
engine 120 uses one or more lifetime metrics, such as the lifetime metric 206 shown in 

HP Docket No. 200400352-1 



figures 2A-B, for determining whether to implement lifetime-aware control of the display 
20. For example, the control engine 120 determines the past use of a sub-pixel, and the 
predicted future use of the sub-pixel, which may be based on the current use of the sub- 
pixel as determined by the usage meter 1 16 and/or the usage model 114. If the predicted 
5 future use exceeds a threshold, then the control engine 120 selects a display control option 
to implement, such as one of the display control options 310 shown in figure 3. The 
threshold may be based on a predetermined length of use or a predetermined intensity. 
Also, the control engine 120 may approximate a lifetime metric for a group of pixels fi-om 
measurements or estimations determined for a subset of the group of pixels and compare 
10 the lifetime metric to the threshold. 

After a portion of the display is identified, for example, based on the results of a 
comparison of a lifetime metric to the threshold, the control engine 120 selects one or 
more display control options to implement for increasing the life of the portion of the 
display. The control engine 120 may identify possible display control options from the 

15 usage model 1 14. Also, the control engine 120 may utilize the lifetime model 110 and the 
user acceptance settings 1 1 8 to determine whether a particular display control option is 
feasible. For example, if the display control option includes moving a time window to an 
upper left comer of the screen, the control engine 120 invokes the lifetime model 1 10 to 
determine whether the pixels in that portion of the screen are being overly used. If those 

20 pixels, for example, have a past use or predicted future use exceeding or close to a 

threshold, then the time window may be moved to another portion of the screen. The user 
acceptance settings 118 may also place constraints on the location of the time window. 
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The process of determining whether to implement lifetime-aware control of the 
display 20 may be performed periodically or in response to predetermined events. For 
example, the determination may be performed when a new image is displayed on the 
screen of the display 20 and/or after the display has been used for a predetermined period 
5 of time. 

Figures 4A-B illustrate examples of providing lifetime-aware control of the display 
20. Figure 4A shows an example of a screen 400 on the display 20. The screen 400 
includes a maximized window for a word processing application. Typically text (not 
shov^n) for an opened document is displayed in the screen 400. The screen 400 includes a 

10 time window 410 shown in the lower right comer of the screen 400. The control engine 
120 determines that one or more pixels displaying the time window 410 need to be 
controlled to optimize for lifetime using the lifetime model 1 10 shown in figure 1 . The 
control engine 120 selects a display control option to implement, which includes moving 
the time window 410 to the upper left comer of the screen 400, such as shown in figure 

15 4B. Figures 4A-B illustrate one example of implementing a display control option. Other 
options may include changing the color of the time window 410, periodically moving the 
time window 410, dimming the time window, etc. 

Figure 5 illustrates a flow chart of a method 500 for providing lifetime-aware 
control of the display 20, according to an embodiment. Figure 5 is described with respect 
20 to the lifetime-aware control system 100 shown in figure 1 by way of example and not 

limitation. At step 501, the control engine 120 determines a lifetime metric for the display 
20. For example, the lifetime model 110 determines past use and predicted future use for 
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a portion of the display 20, which may include a sub-pixel, pixel, or group of pixels, and 
outputs the lifetime metric to the control engine 120. 

At step 502, the control engine 120 determines whether to implement lifetime- 
aware control of the display 20. For example, if the past use or predicted future use of a 
5 portion of the display exceeds a threshold, the control engine 120 implements a display 
control option to control the life of the pixels or sub-pixels having a lifetime metric (e.g., 
past use, predicted future use, etc.) determined to exceed the threshold. 

At step 503, the control engine 120 identifies one or more display control options 
that may be implemented to increase the remaining life of the portion of the display 

10 identified at step 502. For example, the usage model 1 14 identifies several display control 
options based on usage patterns for the display 20 or similar displays. Referring to figures 
4A-B, for example, if the pixels displaying the time window 410 have lifetime metrics 
that exceed the threshold, the control engine 120 determines from the usage model 1 14 
that display control options comprising moving the time window 410, changing the color 

15 of the time window 410, and/or dimming the time window 410 may be implemented. 

At step 504, the control engine 410 determines whether the user acceptance 
settings 1 18 place constraints on the display control options identified at step 503. For 
example, the user acceptance settings 1 1 8 may require that the time window 410 be 
located in the position shown in figure 4A. Then, the display control option of moving the 
20 time window 4 1 0 is not implemented. 
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At step 505, the control engine 120 uses the lifetime model 1 10 to evaluate the 
display control options selected at steps 503 and 504. This may include the control engine 
120 determining the lifetime implications of implementing a display control option. For 
example, if the red sub-pixels displaying the time window 410 have lifetime metrics that 
5 exceed the threshold, as determined at step 503, a display control option may include 

using more of the green sub-pixels for those pixels (e.g., changing the color of the display 
window 410). The control engine 120 uses the lifetime model 1 10 to determine whether 
the green sub-pixels have associated lifetime metrics that exceed or nearly exceed the 
threshold. This may include modeling the use of the time window 410 with increased use 
10 of the green sub-pixels to determine whether predicted future use of the green sub-pixels 
exceeds the threshold. 

Also, at step 505, the control engine may evaluate lifetime savings for each of the 
display control options. For example, one display control option may include moving the 
time window 410 shown in figure 4A to the position shown in figure 4B. The control 

15 engine 120 determines the reduction of remaining life for the pixels at the new location 
that would result from moving the window 410. Another display control option may 
include changing the color of the time window 410 while maintaining the position of the 
time window 410 shown in figure 4A. The control engine 120 determines the reduction of 
remaining life for the pixels using the new color. The control engine 1 20 may select the 

20 display control option that results in the smallest reduction of remaining life. Non- 
lifetime implications of implementing the display control options may also be evaluated, 
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such as user preferences for particular options which may have been determined during a 
study of the display use. 

At step 506, the control engine 120 uses an objective function that considers the 
lifetime-related and non-lifetime-related implications of implementing a display control 
5 option, such as described with respect to step 505. The objective function may weight the 
different metrics, such as lifetime savings, user preferences, etc., to rank the display 
control options selected at step 503. Then, one or more of the highest ranked, display 
control options are implemented at step 507. 

Figure 6 illustrates a block diagram of a computer system 10 that includes the 
10 display control system 100 shown in figure 1 . The computer system 10 includes one or 
more processors, such as processor 602, providing an execution platform for executing 
software that may embody one or more components of the display control system 100. 

Commands and data from the processor 602 are communicated over a 
communication bus 605. The computer system 10 also includes a main memory 606, such 

15 as a random access memory (RAM), where software may be executed during runtime, and 
a secondary memory 608. The secondary memory 608 includes, for example, a hard disk 
drive 610 and/or a removable storage drive 612, representing a SIM or memory card, a 
floppy diskette drive, a magnetic tape drive, a compact disk drive, etc., or a nonvolatile 
memory where a copy of the software may be stored. The secondary memory 608 may 

20 also include ROM (read only memory), EPROM (erasable, programmable ROM), and/or 
an EEPROM (electrically erasable, programmable ROM). The removable storage drive 
612 reads from and/or writes to a removable storage unit 615 in a well-known manner. 
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A user interfaces with the computer system 1 00 with one or more I/O devices 636, 
such as a keyboard, a mouse, a stylus, speech or hand-writing recognition interfaces, etc. 
The display 20 may include a display subsystem including any combination of the 
hardware and software modules associated with the visual representation of data for the 
5 computer system 600. For example, the display 20 may include a display controller 622, a 
display panel 620, display drivers 624 corresponding to the display panel technology and 
an image processing module 626. The image processing module 626 may provide 
geometry and raster processing. The display 20 may be controlled, in part, by controlling 
its parameters, such as parameters specified by a display control option, using the display 

10 controller 622. Depending on the display features, the display parameters can include 

intensity, color, refresh rate, gray-scale, ambient illumination, contrast, array size, location 
of an image on the display 20, number of tiles and the like, or any combination thereof, 
and may be related to the display control options. The lifetime-aware control system 100, 
shown in figure 1 , may provide the necessary instructions to allow the processor 602 to 

15 control the display parameters. For example, the processor 602 may instruct the display 
controller 622 to control the display parameters identified from a selected display control 
option. Also, the lifetime-aware control system 100, shown in figure 1, could be 
implemented at any layer of a system, including the operating system 424, windowing 
environment (if applicable) 426, applications 428 or firmware (not specifically shown), 

20 and may communicate with an application to control movement of an image if needed to 
implement a display control option. 
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A network interface 630 is provided for communicating with other computer 
systems via a network (not shown). Also, sensors 632 are provided for measuring usage 
data, such as measured usage data 202 shown in figure 2 and the usage behavior 302 
shown in figure 3. The sensors 632 may be embodied in software, hardware or a 
5 combination thereof. 

One or more of the steps of the method 500 may be implemented as software 
embedded on a computer readable medium, such as the memory 606 and/or 608, and 
executed on the computer system 100. The steps may be embodied by a computer 
program, which may exist in a variety of forms both active and inactive. For example, 

10 they may exist as software program(s) comprised of program instructions in source code, 
object code, executable code or other formats for performing some of the steps. Any of the 
above may be embodied on a computer readable medium, which include storage devices 
and signals, in compressed or uncompressed form. 

Examples of suitable computer readable storage devices include conventional 

15 computer system RAM (random access memory), ROM (read only memory), EPROM 
(erasable, programmable ROM), EEPROM (electrically erasable, programmable ROM), 
and magnetic or optical disks or tapes. Examples of computer readable signals, whether 
modulated using a carrier or not, are signals that a computer system hosting or running the 
computer program may be configured to access, including signals downloaded through the 

20 Internet or other networks. Concrete examples of the foregoing include distribution of the 
programs on a CD ROM or via Internet download. In a sense, the Internet itself, as an 
abstract entity, is a computer readable medium. The same is true of computer networks in 
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general. It is therefore to be understood that those functions enumerated below may be 
performed by any electronic device capable of executing the above-described functions. 

While the invention has been described with reference to the exemplary 
embodiments thereof, those skilled in the art will be able to make various modifications to 

5 the described embodiments without departing from the true spirit and scope. The terms 
and descriptions used herein are set forth by way of illustration only and are not meant as 
limitations. In particular, although the method has been described by examples, the steps 
of the method may be performed in a different order than illustrated or simultaneously. 
Those skilled in the art will recognize that these and other variations are possible within 

10 the spirit and scope as defined in the following claims and their equivalents. 
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